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[57] ABSTRACT 

A digital storage oscilloscope capable of acquiring and 
displaying input signals over a wide range of frequen- 
cies, and automatically establishing, by menu setups or 
user selection, any of a number of cycles of an input 
signal for viewing. An input analog electrical signal is 
sampled at a constant rate and then stored in a fast- 
acquisition memory. A DSP and a CPU combine to 
provide an automatic time base which maintains con- 
stant width of displayed signals without changing the 
sampling rate. The time period of one cycle of signal is 
measured, and the number of digitized samples is re- 
duced or increased by the DSP to provide constant 
number of samples in order to maintain a constant- 
width display despite any changes in the input signal 
frequency. Additionally, the oscilloscope horizontal 
display axis may be expressed in degrees per division as 
well as time per division. Thus, an oscilloscope user can 
select one or more cycles, or portions of cycles, for 
viewing, and the oscilloscope will automatically estab- 
lish the desired display. 

6* Claims, 2 Drawing Sheets 
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relatively slow signals of an engine analyzer, the time 

DIGITAL STORAGE OSCILLOSCOPE WITH delays between acquired signals may be tolerated. 

AUTOMATIC TIME BASE Other measurement situations not suitable for con- 

ventional automatic setup procedures include frequen- 
BACKGROUND OF THE INVENTION 5 cy-response and variable-phase signal testing and mea- 

This invention relates generally to digital, storage surements associated with voltage^ontroUed oscilla- 
osc^^ £d mTarticul^ to a digital sTorage osci tors and variable frequency transducers In such situa- 
S^Srautomatic time base which automati- tions, it would be desirable to specify the number of 
cally establishes displays of a selected number of cycles, cycles to be acquired for viewing, 
or portions of cycles, and provides the appropriate 10 Another measurement situation that has been cum- 
scaling information for the waveform of an input elec- bersome and difficult in the past is measuring degrees 
trical signal. along the horizontal axis. For example, The typical 

In a conventional digital storage oscilloscope, input method of measuring the injection timing of internal 
analog electrical signals are sampled at a known rate to combustion engines is to put markers on one trace 
acquire digital representations of instantaneous signal 15 which represent the angular position of the crankshaft, 
amplitudes (samples). The samples, now in the form of Such markers are manually aligned with graticule scale 
digital data, are stored in a memory having a finite foes on the oscilloscope display by adjusting the van- 
record length which is typically equivalent to one a y e base and horizontal position controls. The 
screen width of displayed waveform. Thereafter, the oscilloscope user must mentally convert the scale to a 
digital data may be recalled from the memory, pro- 20 am^r Q f degrees per division to interpret the measure- 
cessed and converted back to analog values, and dis- ment A change in engine speed means the manual 
played at a known display-clock rate to reconstruct and screen calibration must be repeated, 
replicate graphic waveforms of the original input ana- what ^ desire<i ^ a general purpose digital storage 
log signals. a . oscilloscope capable of acquiring and displaying input 

A common problem associated with digital osciiio- & § oyer a wide fange of f requen cies f and automati- 
scopes is establishing a stored image of the signal ot establishing, by menu setups or user selection, any 

interest, particularly if the signal waveform is complex of / number of cycles of an input signal for viewing, and 
and only a small portion of it is of mtoest, o^ the oadaMCOpt that is capable of rapidly adapting to 

frequency of the input signal is changing. It has become ^nosc pc p autornatically in order to 

commonplace to utilize the 3 ° SaSSSitetbcchani Addition, 
in more sophisticated 5£ta wdi applications, itwould be desirable to pro- 

S^ScSSS. A setup procedure is carried be expressed in degrees per division as well as time per 
out by software wherein through a time-consuming, 35 division. 

iterative acquire, analyze and adjust procedure, the SUMMARY OF THE INVENTION 

triggering and time base sweep rate are established to 

provide an inteUigibie display. In actual practice, how- In accordance with the present invention, a digital 
ever such automatic setup and ranging has its failures storage oscilloscope having an automatic time base has 
and Wortcomings. For example, in addition to being 40 been developed which has the foregoing and other 
very slow and time consuming, this approach for use in capabilities and features. 

digital storage oscilloscopes is prone to errors and may An input repetitive electrical signal is sampled at a 
miss signals entirely, particularly if the amplitudes and constant rate, producing a stream of digital samples 
frequencies of the input signal are changing, or if the which are applied to an acquisition unit at a constant 
signals are occurring at a very low frequency or repeti- 45 rate m & fa tn stored in a fast-acquisition memory 
tion rate. (FAM). When the acquisition unit receives a trigger 

One measurement situation in particular that does not signa j f rom m associated trigger circuit, acquisition of a 
lend itself to conventional automatic setup procedures is signa | ^ complete and the stored samples are transferred 
the waveform analysis of rotating machinery such as 

to a main acquisition memory (MAM). The acquisition 
internal combustion engines because the area of interest 50 ^ jj^jm^ a digital signal processor (DSP) that pre- 
may occur at a specific crank angle that is related to processes ^ digital samples in accordance with a cal- 
other factors. For example, in a four-stroke diesel en- time base reduction factor (TBRF) provided by 

gine wherein one complete engine cycle requires two a ^ cpu to prov jde a waveform display memory 
revolutions of the crankshaft (or 720 degrees), the area resolution of a predetermined number, e.g., 50, samples 
of interest may be signals related to needle lift, ignition 55 ^ (fiv y 0|t acquisition unit also measures the time 
pulses, or fuel pump signals. „ e riod of one cycle of the input repetitive signal for 

U.S. Pat. No. 4,399,407 to Khng et al. teaches an ^ * ^t^, adjusts the number of 

engine analyzer in which the period of a single engine *- display division to update each 

cycle is measured, and a ^P*™^*?™^ „ display foUowkg acquisition so that the width of the 
ment to vary the sample clock rate of an analog-to-digi- 60 P y constant despite changes in frequency 

tal converter (ADC) during «^Z7t^^ S^inpTt^etitive signaf Addition^, the oscillo- 
tion so that the ADC always produces , a wnrtmtnum- o. me P ^ ^ ^ m de _ 

^LltrZTc^^^y "-Per division asU as time per ^ ^ an 

lamSeSnting a stogie cycle in a constant screen 65 oscilloscope user can select one or more cycles, or por- 

S fTSI. to operate properly, a variable tions of cycles, of a waveform of an input signal for 

dock ' fa rM ! Md new clock raL continually must viewing, and the oscilloscope will automaticaUy estab- 

be computed before a signal can be acquired. For the lish the desired display. 
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It is therefore one feature of the present invention to trigger circuit 26 is received, die acquisition is stopped 
provL a SS stooge oscilloscope with an automatic and digital data ^^J^^M^S^Z 
time base which automatically provides displays of one analog signal is retrieved from FAM 32, processed (as 
ofmSf cySS or" selected portion of a cycle, of a will be described in detail later), and moved to a much 
waveform of an electrical signaL 5 slower main acquisition random-access memory 

Tis ToSeTfeatoTof thfpresent invention to pro- (MAM) 34 from which the digital date also may be 
vide a STstorage oscilloscope with an automatic processed and subsequently reconstructed into analog 
time base which automatically provides a constant- form for display. 

width %SS> one or ^ore cycles, or a selected por- The acquisition unit 30 in the above-mentioned com- 
SofVcvcl^o^f a waveform of an electrical signal 10 mercial embodiment is a digital application-specie 
Hue chanles m inpuTSl frequency. integrated circuit (ASIC) combined with a digitel signal 

'TJ^odi™ SStn^ resit invention to processor (DSP), such as a ^OqSn^ufectured 
pro vide a digital storage oscilloscope with an automatic by Texas Instruments, havuig its own internal ^ control- 
time base which automatically provides a constant- ler, program memory, and bus structure for p^smg 
5b asplay of one or more cycles, or a selected por- 15 the digital data at an "X 
tion of a cycle, of a waveform of an electrical signal herte rate. It should be mentioned that the custom-made 
Ses in input signal frequency in appropri- ASIC portion of acquisition umt 30 is ; qpecdfc to the 
S scaled time or degrees. applications, functions and features of a commercml 

Other features and advantages of the present inven- digital storage oscilloscope, and is capable of perform- 
tionwS Snl obvious to those having ordinary skill 20 ing other functions that are not pari tof thu imventio^ 
hi die art upon a reading of the foUowing description such as, for example, glitch option and j nm/ma, 
when taken in conjunction with the accompanying detection However, oamimd^^ DSPs 
wncu uuwtu j suc i, as> f or example, a Motorola DSP56000 as well as 

drawings. ^ jj TMS320C25 mentioned above, could be com- 

BRIEF DESCRIPTION OF THE DRAWINGS 25 bine< j with added hardware by one skilled in the art and 

FIG lis a generalized block diagram of a portion of programmed in accordance with instructions disclosed 
a Si sto^oSu^ope havinfan automatic time herein to carry out the signal processing in accordance 
base in accordance with the present invention; with the present mventoon. 

mG.2isarepresentationofmemorymapsofawave. FAM 32 and MAM 34 in the con^egmbod^ 
form memory and a. a^ted trace register contain- 30 - ^£^^££5 

m8 FI°G 3°": B ^22«& of a repetitive signal Hffi^ZK. li and W depending on the oper- 
forusemexp^ghow^etimeperiodofonecycleof ^ g^J^S^Jg 

TltTsho^atSonn display in which the hori- 35 & (nominally 0.5K) is uL - a trace register ed 
zonteTaxis b scaled in degrees per division. corresponds to one screen-width of dispky. and tore- 

_ f ore contains digital data representing the waveform 

DETAILED DESCRIPTION OF THE amplitudes at each of a predetermined number, e.g. 500, 

INVENTION 0 f waveform points located at equally-spaced intervals 

Referring to FIG. 1 of the drawings, there is shown a 40 along the horizontal axis of the display Whflethe^ trace 
generalized block diagram of a portion of a digital stor- register capacity is nominally 0 5K, it is actually 12 
SeSoscope havuig an automatic time base in ac- bytes (12 bytes are not used). In operating modes m 
cordance with the present invention. An input repeti- which a small portion of an overall waveform is to be 
tive electrical signal is applied via an input terminal 10 viewed, such as, for example, m sweep magn^cation 
to a signal conditioning circuit 12. Signal conditioning 45 operation, the acquired waveform is first stored i m 
circuit 12 may include conventionalattenuators and larger memory than the dusplay memory. Fo rumple, 
Switching ; preamplifiers to adjust the input signal if the trace register or display memory capacity is nomi- 
StiSe tot suitable level. The ^amplified electri- -aUy05K,thewavefombfi»tstor^mal^ 
cal signal is then applied to a track-and-bold circuit- mental memory such as 4Kor 8K. Then, the portion of 
%nalo^o-digital converter (ADC) 20, which converts 50 the waveform that the display represents is selected and 
of the input' signal to digitized stored in the trace register. Refer to the memory maps 
samples at a constant rate determined by a sample clock shown in FIG. 2. , 
rTSd^ti^ipWsa^esentto ^acquisition unit A CPU 40, which suitably may be a conventional 
30 for processing and storage. In a commercial embodi- microprocessor and its associated kernel devices, pro- 
men? She ADC 20 is a conventional 8-bit flash con- 55 vides overall 1 control of the V^^'F^f^ 
verter, and the sample clock 22 produces sample clock a CPU bus 42 to acqmsition umt MJIH^J 
mikes at a fixed constant rate of 100 megahertz. interface 44 and a display umt 48. CPU 40 operates in 

a£> a ScaTSe input signal is applied from accordance with its own stored program instructions 
sigTcondffing circuit 12 to a^onventional trigger and operator-selected control ^formation firon, « die mer 
St 26 which may include any of a number of 60 interface 44, which may suitably include a front-panel 
toown triggl? eveT recognition circuits for issuing control system or a keyboard, as well as a microcon- 
Slriggef signals to the acquisition unit 30 upon the troller to scan and interpret the operator ^ectiom > and 
occurred of anevent preselected by a user, such as a commands to provide the °P«» r ^ 1 ^« > "^ 
particular signal pattern or signal level. information to CPU 40. The MAM 34, m addition to 

P ^eTqSn unit 30 receive the digitized samples 65 storing digital data representative of ^ ^rfonn of 
from ADC 20 and transports them to a fast acquisition the input analog ^fiuaLstorestexti^ information and 
random-access memory (FAM) 32. When a triggering other information from CPU 40. CPU « ^«**d» i die 
event is detected, that is, when a trigger signal from operating mode of acquisition umt 30. calculates mea- 
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provide display of textual information. S^ffi^^reSondsby placing 

MANUAL TIME BASE MODE e very second digitized sample in the stream of digitized 

rate setting of the ovoscope. ThJ :Mj f *£~ P^^^ne base mode operation, ADC 20, 
sweep rate setting is 0.5 microseconds (500 nanosec- 25 JW™™ and FAM 32 are started, either auto- 
onds) per division for a conventional ««n^ unrt »^AM * ^ ^ rate 
zontal display, the snmphng rate should P£ ^^S^ition is stopped by receipt of a trigger 
determined number of samples, e.g., 50 sample* per y ~i acquisition is complete-that is, 
division, to permit high^resolutton ^ figSiSpKe been accumulated and 
waveform for display. For example, consider an o^JJo 30 enougfi P reconstruction ofa screen- 
scope in which calibrated sweep rat^e selecUWe ^^<^ n . Thereafter, the digitized 
from a relatively slow speed, e.g., one second per dm- wiaui oi ™"P*f»~ M w, farther pr0 cessed 
sion, to a relatively fast speed, e.g., SSS^^S^^C?o^t£«^ 
(0.5 microseconds) per division, in a 1-2-5 step se- ™^£"*°*°'£L started and new waveforms 
*~A^/^£5^ESS 55 ^Cc—dorSaticaUy on a repetitive 
^^^l^V^^Z, 3. to provide updated displays, as is well known in 
be used to reconstruct one division of display at 500 the art 

nanoseconds per division. This implies that data reduc- AUTOMATIC TIME BASE MODE 

tion or compression between the ADC 20 and FAM 32 40 antoinatic ^ base mode, the user or operator 

is required for slower sweep rates m order to keep die .^J 6 /"^™^ or particular number of 

size of the fast-acquisition memory to an acceptable selects a desired time , p« rod or P*™ repe titive 

r^ord length. Thus 1 , one of the ^ for acquisinon eye es ("J^wrf ^SJS f^waveCto 

record lengths of the FAM 32 and MAM <w axe cnosen *"» . . . -Related total time are corn- 

to store 500 samples representing the amplitudes of "^^^^T. ^Sd and number of cy- 
wavefonn points. As a practical matter, it should be 55 ™*J Sn^srf oVde^eased automati- 

mentioned Sat the record length could vary in accor- demand tion ^ places the required 

dance with user-selected mode, arch a^wavefo™ cgy^ that -^"J n to Lult in a constant 
SSS iSK^h^tr-^S rZber of cycles on the display screen despite changes 

decreased, with sampling rate ^d^rd length tong ^ ^^^ „ ^ automatic time base gives 
held constant, a proportional number of samples must w a v «°™ ™P .. fo-caMttnfc where F is fre- 
be discarded in order to compress the waveform data me to , the refa Jjjj™ J° R „ £ sweep rate (re- 
Suppose asweep rate of one microsecond P^r division is qaency. °^ e ^; s r ^ u means ^ ^ division ^d 
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sured, the sweep rate can be determined and displayed ever, the sweep rates will be calculated and determined 
on-Seen alotjwith a reconstructed waveform, and automatically When the number of cycles of an ^> 
Ztote scale markers can be generated and placed at quired signal is outside the P^etermmed range (less 

ft~~,„ Hicniav virions than two or greater than six in this example), the sweep 

^SpX'aSeTsignalb determined as 5 rate will be calculated as described above and reduced 
fouo^pon c^etiW a firf^aveform acquis!- or increased until a sweep rate is reached th* p£*sthe 
don, a sample of the waveform trace is retrieved from signal within the predetermined range before being 
memory (either FAM 32 or MAM 34) by acquisition displayed. 
SLd its amplitude value determined to establish a The ability of the digital storage 
reference amplitude. The reference amplitude is repre- 10 present invention to automatically estabhsh delays of 
sented in FIG. 3 as a horizontal reference line 100 one or more cycles, or a portion of a cycle, of a gener- 
drawn through the waveform 102. It should be noted ally repetitive signal lends itself to presentation of the 
that the reference amplitude can be located at any verti- horizontal axis in degrees per dmsion rather than time 
cal position within the peak-to-peak amplitude of the per division as shown m FIG 4, wherem aWorm 
mput signal. For a cycUcrepetitivesignal.it is assumed 15 104 is shown in comparison with a scale calibrated in 30 
that if tiie amplitude of a signal crosses a horizontal degrees per division for exemplary purposes. In tiie 
reference line three times, the period of the signal can be user-selected degrees tune base mode, CPU 40 reads the 
determined. Acquisition unit 30 compares the amplitude number of signal cycles and degrees per division param- 
vaW each sample with the reference amplitude, and eters provided by user interface 44. Acqmsition umt 30 
the addresses XI X2, and X3 of three samples that 20 and CPU 40 function in the same manner as described 
equal the reference sample are noted. These addresses above for calculating TBRF and measuring time : period 
XI X2 and X3 are represented by three "crossings" of P of a single cycle, with the time period P being con- 
Shori^taYrXenl^^innG. 3. CPU 40 then verted to 360 degrees. CPU 40 then estabhshes an ap- 
Sa^ toe number of samples occurring between the propriate scale to be presented along with the wave- 
first and third addresses, or "crossings.", and multiplies 25 form. For example, for adrsplayofa single cycle of 
the number of samples by the time spacing of the sam- signal, a scale of twelve honzontal dbvjs^ons with 30 
pies. Xh is known from the current sweep rate Ro degrees per division may be estabhshed. likewise, for a 
and saTpling rate in calculating TBRF. That is, the display of two cycles, which is 720 degrees, a scale of 
period P=(X3-X1) X (R/50), where (X3-Xl)is the twelve horizontal divisions wUh 60 degrees per division 
number of samples occurring between address XI and 30 may be estabhshed. To view a degree portion > ofa 
address X3. and Ro/50 is the current sweep rate divided 720-degree engme cycle of a ^^Jl^ enpne 
bv 50 samples ner division (two revolutions of the crankshaft), for example, suffi- 

The physical length L of display screen associated cient record length to store the entire waveform would 
widT the period P in display-screen divisions is be required which would allow the operator to scroll to 
L=10/C where C is the user-selected number of cy- 35 the 90-degree portion desired, and a display of nine 
cles or portion of a cycle, of the signal waveform to be scale divisions with ten degrees per division vwrold be 
dft^edSertiie conventional teTdisplay divisions. established This suggests that the <4^°""<" 
Thus, for one cycle of signal waveform to be displayed, and MAM 32 would be at least eight times larger than 
each time period will be ten divisions; for two cycles, that of an associated display memory, which has 512 
each time period P will be five divisions in length, and 40 memory locations for waveform storage, assinmng a 
so forth. It should be noted that C is not necessarily an resolution of 50 1 samples per division^ m the time mode 
integer because the user may specify any number of Accordingly, the FAM 32 and MAM 34 shouklbe 
cydes, including fractional valueT expandable to at least 4K. to the ^ e f^ e ^- 

Before anext waveform is acquired, anew sweep rate ment, as mentioned ^earlier, die capacities of ^ mem- 
R. is calculated by dividing period P by length L, and a 45 ories are actually 32K, parbtionable ui increments ot 
new TBRF is calculated using the new sweep rate. As 16K, 8K, 4K, 2K, IK, and 0.5K, depending on the oper- 
soon as a waveform and related information is dis- ating mode and number of mput channels (up to four) 
nlaved a new waveform is acquired, and the process is being viewed. ... „ , 

repeated Aus the display is repeatedly updated with A logical extension of the automatic tmie base control 
new waveforrrB as soon as they are acquired and pro- 50 features of the present invent™ .as described herem is 
. correction of non-hneanttes m the time base, when a 

The automatic time base mode just described is re- reference signal of known and precise frequency is ap. 
ferred to as a variable automatic time base mode be- plied to one of the input channels, the variable magnifi- 
cause the oscilloscope user specifies the number of cy- cation mechanism can be extended so that it can be used 
cles, or portion of a cycle, of a generally repetitive 55 to correct for non-lmeanty on the horizontal axis , Ako, 
signal waveform to displayed, and the oscilloscope the reference signal can be used to develop cahbration 
automatically adjusts the time base to keep the selected factors, that is, the amount of correction 
number of cycles constant over the ten divisions of adjust the horizontal length to match the length of the 
display. Thus, the sweep rate is variable, and is dictated known signal can be determined and used to calibrate 
by the display. Because the width of each displayed 60 other sweep rates. ..... ... 

cycle is the same, anomalies and aberrations on the While we have shown and described the preferred 
waveform can be readily discerned. embodiment of our invention, it will be apparent to 

Also, an automatic time base mode with 1-2-5 steps those skilled in the art that many changes and modifica- 
can be established by allowing a user to select viewing tions may be made without departing from our inven- 
a signal within a range of number of cycles (for exam- 65 tion in its broader aspects. It is therefore contemplated 
pie between 2 and 6 cycles). In the 1-2-5 steps auto- that the appended claims will cover all such changes 
matic time base mode, the sweep rates will correspond and modifications as fall within the true scope of the 
to those provided by the manual time base mode; how- invention. 
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What we claim as our invention is: 

1. An automatic time base for a digital storage oscillo- 
scope having a display screen wherein a predetermined 
number of waveform points are equally spaced along a 
horizontal axis, comprising: 

sampling means for producing digitized samples of a 
repetitive input signal at a constant rate; 

means for comparing the values of said digitized sam- 
ples with a reference value to determine one cycle 
of said repetitive input signal; 

means for calculating the time period of said one 
cycle of said repetitive input signal; 

means for determining a number of digitized samples 
equal to said predetermined number of waveform 
points to provide a display on said display screen of 15 
at least one cycle of said repetitive input signal; and 

means for converting said number of digitized sam- 
ples to amplitude values corresponding to said 
waveform points. 

2. An automatic time base in accordance with claim 1 20 
wherein said sampling means comprises a sampling 
circuit and an analog-to-digital converter, wherein said 
sampling circuit is operated by a constant frequency 
sampling clock. 

3. An automatic time base in accordance with claim 1 25 
wherein said means for comparing the values of said 
digitized samples with a reference value to determine 
one cycle of said repetitive input signal comprises an 
acquisition unit including a digital signal processor for 
determining three crossings of said reference value by 30 
said digitized samples and identifying the addresses of a 



first and a third digitized sample corresponding to a first 
and a third crossing of said reference value. 

4. An automatic time base in accordance with claim 3 
wherein said means for calculating the time period of 
said one cycle of said repetitive input signal comprises 
means for multiplying the number of digitized samples 
occurring between said first and said third addresses by 
a time determined by a sweep rate. 

5. An automatic time base in accordance with claim 1 
wherein the horizontal axis of said display is repre- 
sented in degrees. 

6. In a digital storage oscilloscope, a method of pro- 
viding an automatic time base, comprising the steps of: 

(a) producing digitized samples of a repetitive input 
signal at a constant rate; 

(b) comparing the values of said digitized samples 
with a reference value to determine one cycle of 
said repetitive input signal; 

(c) calculating the time period of said one cycle of 
said repetitive input signal; 

(d) deterrnining a number of digitized samples equal 
to a predetermined number of waveform points 
defining a horizontal axis of a display screen in 
order to provide a display of at least one cycle of 
said repetitive input signal; 

(e) converting said number of digitized samples to 
amplitude values corresponding to said waveform 
points; and 

(f) displaying said amplitude values. 
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